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Systematic Review 

Orthognathic Surgery 

Cone beam computed 
tomography volumetric airway 
changes after orthognathic 
surgery: a systematic review 
R. Steegman, F. Hogeveen, A. Schoeman, Y. Ren: Cone beam computed 
tomography volumetric airway changes after orthognathic surgery: a systematic 
review. Int. J. Oral Maxillofac. Surg. 2021; xx: 1–12. © 2022 The Authors. 
Published by Elsevier Inc. on behalf of International Association of Oral and 
Maxillofacial Surgeons. CC_BY_4.0  

Abstract. The aim of this systematic review was to provide a structured 
overview of three-dimensional airway volume changes in relation to various 
orthognathic surgeries. Clinical human studies performing pre- and 
postoperative three-dimensional airway volume assessments to investigate 
volumetric changes of the airway after orthognathic surgery were included. Pre- 
determined inclusion and exclusion criteria were applied in an extensive search 
of the PubMed, Embase, and Web of Science electronic databases. The cut-off 
date was set to January 1, 2022. Forty-one articles reporting retrospective and 
prospective case–control and case series studies were included. All studies were 
determined to be of medium quality (moderate risk of bias). The included 
studies were categorized by type of intervention. Pre- and postoperative volumes 
were extracted from the available data, and volume changes as a percentage of 
the preoperative levels were calculated. Isolated mandibular setback surgery 
generally decreased the airway volume. Isolated maxillary or mandibular 
advancement, bimaxillary advancement, and surgically assisted maxillary 
expansion generally increased the airway volume in the total airway and 
oropharynx, among which the effect of bimaxillary advancement surgery 
appeared most significant. High heterogeneity exists in the terminology and 
definitions of the airway and its segments. A more uniform methodology for 
airway volume measurement is needed to provide an insight into the impact on 
the airway of specific types of surgical intervention. In conclusion, airway 
volumes are affected after orthognathic surgery, which may be of clinical 
significance, especially in patients who are predisposed to obstructive sleep 
apnoea. 
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Dentofacial deformities may lead to 
compromised function, poor aesthetics, 
and possible narrowing of the upper 
airway.1,2 Previous studies have de-
monstrated that skeletal deformity with 
maxillary deficiency results in smaller 
nasopharynx airway volumes, and that 
skeletal deformity with mandibular de-
ficiency results in smaller hypopharynx 
airway volumes.3 Orthognathic sur-
gery, i.e. the correction of skeletal de-
formities by surgical displacement of 
the maxilla and/or the mandible, alters 
the relationship between the bony 
structures and the soft tissues, including 
those that are closely related to the 
anatomy of the upper airway. Hence, 
orthognathic surgery may lead to 
changes in the airway volume.4 

The effect of orthognathic surgery on 
the airway has been described in various 
studies. A decrease in the airway volume 
in the oropharyngeal airway has been 
reported after mandibular setback in class 
III patients.5 Mandibular setback com-
bined with maxillary advancement ap-
pears to attenuate the reduction in the 
oropharyngeal airway volume.6,7 In con-
trast, advancement of the mandible has 
often been associated with an increase in 
the airway volume,8 and similarly max-
illomandibular advancement surgery.9 

However, as different definitions and 
anatomical borders have been applied for 
the airway and the airway segments in the 
current literature, direct comparisons of 
the results are not possible. 

Several systematic reviews on the ef-
fects of orthognathic surgery on the 
airway have been published in recent 
years. Christovam et al.10 reported 
airway volume measurements obtained 
from computed tomography (CT) and 
magnetic resonance imaging (MRI) 
studies. Their results showed a sig-
nificant increase in the airway volume 
after maxillomandibular advancement 
and a significant decrease after man-
dibular setback, isolated or in combi-
nation with maxillary advancement. He 
et al.11 investigated only patients with 
class III malocclusion and showed less 
reduction in the airway volume after 
bimaxillary surgery than after man-
dibular setback surgery only. More re-
cently, Shokri et al.12 focused on 
mandibular advancement and demon-
strated a significant volumetric increase 
in the upper airway. However, a com-
prehensive overview of the current lit-
erature on the effects of different types 
of orthognathic surgery on volumetric 
changes to the total airway and to the 
airway segments is still lacking. 

Over the last decade, cone beam 
computed tomography (CBCT) has 
become recognized as an accurate and 
reliable tool for the three-dimensional 
(3D) evaluation of the upper 
airway.13,14 In addition to the ad-
vantages of lower costs and a reduced 
radiation dose when compared to 
medical CT or MRI, CBCT allows 
imaging of the airway in a seated po-
sition and with shorter acquisition 
times, thereby reducing the opportunity 
for patient movement, which can affect 
volumetric measurements of the 
airway.15 For reasons of both anato-
mical location and clinical relevance, 
the upper airway is often divided into a 
number of segments: nasopharynx, 
upper and lower oropharynx, and hy-
popharynx.13 However, no consensus 
exists regarding the nomenclature of 
the different airway segments, and the 
definitions of the borders and anato-
mical landmarks used to describe the 
airway and its segments are highly in-
consistent.16 

Therefore, the aim of this systematic 
review was to provide a structured 
overview of 3D volumetric changes of 
the airway after various orthognathic 
surgeries. Airway volumes measured on 
CBCT scans were assessed in order to 
gain an insight into the relationship 
between specific types of surgery and 
the volumetric changes of the airway. 
To ensure the comparability of the 
outcomes between studies, the airway 
segments used in the studies that were 
finally included were matched to a 
predefined airway segments framework. 

Materials and methods 

Protocol and criteria 

The PRISMA protocol (Preferred 
Reporting Items for Systematic Reviews 
and Meta-Analyses) was used to guide 
the conduct of this systematic review 
(http://prisma-statement.org/ 
PRISMAStatement/). The following 
outcomes were assessed: (1) volumetric 
airway changes in cubic millimetres 
(mm3) or cubic centimetres (cm3), and 
(2) the type of orthognathic intervention. 

A search was conducted in the 
PubMed, Embase, and Web of Science 
electronic databases. The time frame 
for the search was from database in-
ception (as CBCT has only recently 
been introduced) to January 1, 2022. 
The following primary keywords were 
applied in the search: CBCT, cone- 
beam computed tomography (MeSH), 

three-dimensional imaging (MeSH), 3D 
CBCT, CBCT, digital volume tomo-
graphy (MeSH), tomography (MeSH), 
compact computed tomography. The 
following were used as secondary key-
words: airway, pharynx (MeSH), na-
sopharynx (MeSH), and oropharynx 
(MeSH). The screening of titles, ab-
stracts, and full texts was performed by 
two authors (FH and RS). The title and 
abstract of each article retrieved in the 
search were scanned for all of the ex-
clusion criteria; if this was insufficient 
to determine inclusion, the full text was 
screened only against the exclusion 
criteria. The full text of remaining ar-
ticles was screened by the same two 
authors against the inclusion criteria. 
To be included, all inclusion criteria 
had to be met. Any uncertainty or dis-
agreement was resolved by discussion 
with a third author (YR). 

Inclusion and exclusion criteria 

The inclusion criteria were English or 
Dutch as the language, prospective or 
retrospective clinical studies, orthog-
nathic surgery as the intervention, pre- 
and post-treatment CBCT 3D volumetric 
assessments available, CBCT acquisition 
with the patient in an upright position, 
airway definition clearly described or il-
lustrated, and treatment group with 10 or 
more patients. Exclusion criteria were 
animal studies, patients with syndromes 
and non-healthy patients, patients with 
obstructive sleep apnoea syndrome 
(OSAS), patients with any airway disease, 
expiratory flow studies, aerodynamics or 
airway pressure studies, two-dimensional 
(2D) volumetric assessments, case series 
with fewer than 10 patients in the treat-
ment group, age younger than 16 years, 
and systematic reviews. 

Quality assessment 

All studies were rated once by two au-
thors for risk of bias (FH, RS), ac-
cording to the National Heart, Lung, 
and Blood Institute quality assessment 
tools for case–control studies and be-
fore–after studies with no control 
group (https://www.nhlbi.nih.gov/ 
health-topics/study-quality-assessment- 
tools). This tool is designed to assess 
studies for risk of bias and consists of 
12 yes/no questions concerning the re-
search question, study population, 
sample size justification, recruitment of 
the cases and controls from the same 
population, the use of pre-specified in-
clusion and exclusion criteria applied 
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uniformly, the definitions of cases and 
controls, random selection of study 
participants, the use of concurrent 
controls, exposure assessed prior to 
outcome measurement, exposure mea-
sures and assessment, blinding of ex-
posure assessors, and statistical 
analysis. A ‘yes’ answer scores 1 point, 
while a ‘no’ answer scores 0 points. 

If risk of bias is significant, the study 
is deemed to be of poor quality. A 
maximum of 12 points could be ob-
tained, with a score of 1–4 indicating 
‘low’ quality, a score of 5–9 ‘medium’ 
quality, and a score of 10–12 ‘high’ 
quality. In the case of disagreement 
regarding the rating, a consensus was 
reached through discussion with a third 
author (YR). 

Anatomical landmarks, borders, and 
reference planes of the airway 

Considering the inconsistency in the de-
finitions of the upper airway and the 
upper airway segments, the method 
outlined below was proposed for the 
data analysis in this review, based on five 
easy-to-determine soft and hard tissue 
anatomical landmarks in the midsagittal 
plane and five cross-sectional planes 
(two frontal and three axial planes). A 
detailed description and definition of the 
borders and reference planes is provided 
in Table 1. Fig. 1 illustrates the five re-
ference planes in the sagittal view in a 
2D lateral cephalogram and in a 3D 
CBCT surface model. 

In short, the upper airway is divided 
into four segments: nasopharynx, 
middle pharynx, inferior pharynx, and 
the hypopharynx. The middle and in-
ferior pharynx together form the or-
opharynx. 

An airway segments framework 

Due to the high heterogeneity in the 
definition of the airway and its seg-
ments, the available data on the same 
airway segment from different studies 
were converted into comparable mea-
surements following a strict protocol. 
First, the anatomical landmarks and 
reference planes used in the original 
studies were compared to the pro-
posed borders (Table 1, Fig. 1). Con-
sidering the variations in landmark 
definition in the individual studies, the 
concept of a ‘reference field’ was pro-
posed that accommodates more re-
ference planes within a predefined 
range of variations. The reference field 
was primarily based on the proposed 
plane, with an extension to include a 
limited amount of deviation of the 
planes that were not exactly the same 
as the proposed one, but were anato-
mically close and were used in four or 
more of the finally included studies.  
Fig. 2 illustrates the ranges of the de-
viations in landmark positioning with 
the associated reference fields, which 
served as a predefined airway seg-
ments framework to enable volumetric 

data conversion from the finally in-
cluded studies. 

Volumetric data interpretation and 
inclusion 

Pre- and post-treatment volumetric data 
were extracted from all included studies. 
In the case of multiple post-treatment 
follow-ups, the latest available data were 
used, thereby providing the longest 
follow-up results. Volumetric data were 
extracted according to the protocol de-
scribed below. 

(1) Direct data inclusion: originally re-
ported data were included directly 
when the definition of the airway 
and its segments concurred with 
those proposed (Table 1, Fig. 1).  

(2) Data inclusion with note: when the 
reference planes used in an in-
dividual study were not the same as 
the proposed planes, but fell within 
the borders of the reference fields as 
described previously, the volu-
metric data were included. 
Specifically, for the anterior border 
of the total airway and naso-
pharynx, anatomical reference 
points were accepted when they 
were positioned between the frontal 
plane perpendicular to Frankfort 
horizontal (FH), passing through 
posterior nasal spine (PNS) and a 
plane from PNS to sella. For the 
superior border of the oropharynx 
and inferior border of the 

Table 1. Description and definitions of the borders and reference planes to define the airway.       

Borders Nasopharynx 
Oropharynx 

Hypopharynx   
Middle pharynx Inferior pharynx  

Superior SS plane PNS plane U plane E plane 
Inferior PNS plane U plane E plane EF plane 
Anterior PNS frontal plane PNS frontal plane PNS frontal plane PNS frontal plane 
Posterior C2P plane C2P plane C2P plane C2P plane 
Lateral MS plane MS plane MS plane MS plane 

Borders Description 

Most superior 
border 

Sphenoid sinus (SS) plane: axial plane parallel to FH, passing through the most inferior part of the floor of the 
sphenoid sinus 

Most inferior 
border 

Epiglottis (E) plane: axial plane parallel to FH, passing through most superior part of the epiglottis 

Anterior border Posterior nasal spine (PNS) frontal plane: frontal plane perpendicular to FH, passing through PNS 
Posterior border C2P plane: frontal plane perpendicular to FH, passing through the most posterior part of the second cervical 

vertebra 
Lateral border MS plane: sagittal plane perpendicular to FH, passing through the lateral surfaces of the maxillary sinus (left and 

right) 
PNS plane Axial plane parallel to FH, passing through PNS 
U plane Axial plane parallel to FH, passing through most inferior point of the uvula 
PNS plane frontal Frontal plane perpendicular to FH, passing through PNS 
EF plan Plane parallel to the FH passing through the bottom of the epiglottis 

FH, Frankfort horizontal.  
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nasopharynx, reference planes 
through the PNS plane to the 
anterior superior part of C1 were 
accepted. For the inferior border of 
the oropharynx and superior 

border of the hypopharynx, re-
ference planes passing through the 
most superior part of the epiglottis 
or between the anterior superior 
part of C3 and anterior inferior 

part of C3 were accepted. For the 
inferior border of the hypopharynx 
and total airway, reference planes 
passing through the bottom of the 
epiglottis to a plane passing 
through the superior anterior part 
of C4 were accepted (Fig. 2).  

(3) Data exclusion: when deviations in 
landmark positioning or reference 
planes exceeded the borders of the 
reference fields, no data were in-
cluded in the final analysis. 

Results 

Study selection 

The first database search identified a total 
of 7543 articles. After the removal of du-
plicates, 2365 articles remained for 
screening of the titles and abstracts. Of 
these, 2280 articles were excluded after 
application of the exclusion criteria. The 
remaining 85 articles, along with two ad-
ditional studies identified through other 
sources, qualified for full-text assessment 
against the inclusion criteria; 46 studies 
were further excluded. Finally, a total of 
41 studies met the inclusion criteria and 
were included for data analysis in this 
systematic review.7,17–56 The PRISMA 
flow diagram and an overview of the se-
lection of articles is presented in Fig. 3. 

Fig. 1. The total airway and airway segments evaluated in this systematic review, for data analysis. (A) Schematic diagram of the 
reference points and planes for the airway segments in two-dimensional lateral cephalograms. (B) Reference points and planes for the 
airway segments in a CBCT surface model in sagittal view. The purple line indicates the most superior border of the airway; the red line 
indicates the lower border of the nasopharynx; the blue line indicates the lower border of the middle pharynx; the green line indicates the 
lower border of the inferior pharynx and oropharynx; and the yellow line indicates the most inferior border of the airway and the 
hypopharynx. 

Fig. 2. Predefined airway segments framework with reference fields. The thick lines refer 
to the proposed reference planes of the borders of the respective airway segments; the 
shaded boxes refer to the reference fields within which variations in the reference planes 
from different studies were accepted. Red indicates the ranges for the superior borders of 
the oropharynx (PNS plane to anterior superior part of C1) and green indicates the ranges 
for the inferior borders of the oropharynx (anterior superior part of C3 to anterior in-
ferior part of C3). The yellow triangle indicates the accepted anterior borders (PNS to 
sella to the frontal plane perpendicular to FH passing through PNS). 
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Quality assessment of the included 
studies 

No clinical trials could be identified. 
Only two studies included a control 
group. Eight out of the 41 studies per-
formed a power analysis to determine 
the minimum number of subjects 
needed. Blinding of the assessors was 
reported in five of the included studies. 
In 12 studies, the reliability of the re-
sults was not tested by repeating se-
lected measurements, which was 
considered as confounding. In the 
quality assessment, four studies scored 
5 points, nine studies scored 6 points, 
16 studies scored 7 points, nine studies 
scored 8 points, and three studies 
scored 9 points. All studies were quali-
fied as medium risk of bias. The quality 

of each individual study is reported in 
Supplementary Material Table S1. 

Characteristics of the included studies 

Out of the 41 studies that were finally 
included, 38 studies had subjects with a 
class III malocclusion, 17 with a class II 
malocclusion, and six with maxillary 
deficiency. These 41 studies were di-
vided into subgroups based on the 
malocclusion and the surgery type. An 
overview is presented in Table 2. 
Fourteen of the 41 studies included 
patients undertaking different types of 
surgeries. Supplementary Material 
Table S1 reports detailed information 
regarding the characteristics of the 41 
included studies. 

General characteristics 

With the exception of Valladares-Neto 
et al.,51 all of the studies were single- 
centre case series. Most of the included 
studies were retrospective (n = 29) in 
study design, and only 12 were pro-
spective. The sample size varied from 
four to 102 patients per group. Al-
though most studies included both male 
and female patients, only one study 
(Panou et al.39) looked into sex-specific 
treatment responses and reported a 
significant decrease in oropharynx vo-
lume only in male patients (P  < 0.05). 
With regard to ethical approval, 40 of 
the 46 studies confirmed ethical ap-
proval for taking CBCT scans. No such 
information was available for five stu-
dies (Irani et al.,18 Canellas et al.,20 Lee 

Fig. 3. Flow diagram of the selection process based on the PRIMSA guidelines. (OSAS, obstructive sleep apnoea syndrome; CBCT, 
cone beam computed tomography). 
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et al.,41 Kochel et al.,49 Raffaini and 
Pisani52). There was a large variation in 
the follow-up, ranging from 1.5 to 90 
months. 

Specific characteristics 

In the 38 studies including patients with 
class III malocclusion, 14 investigated 
single-jaw surgeries (nine BSSO setback 
and five Le Fort I advancement) and 24 
investigated double-jaw surgeries (19 
Le Fort I advancement + BSSO setback 
and five Le Fort I impaction + BSSO 
setback). The only two studies with a 
control group were in this subgroup: 
Uesugi et al.23 included 16 participants 
with a normal occlusion and no symp-
toms of sleep-disordered breathing and 
Hsieh et al.42 included 36 participants 
with a normal occlusion and no history 
of orthognathic surgery. 

In the studies on class I or II mal-
occlusion, only two surgery types were 
included: single-jaw BSSO advance-
ment (n = 6) and double-jaw max-
illomandibular advancement (n = 10). 
The follow-up was typically 6 months. 
With the exception of Chang et al.,21 all 
of these studies were retrospective. 

In the four studies on maxillary 
transverse deficiency, only tooth-borne 
expansion devices were used, with dif-
ferent expansion protocols. The sur-
gical procedures prior to the expansion 
varied and included bilateral Le Fort I 
osteotomy, selective bilateral zygomatic 
buttress osteotomies (Yazigi et al.55), 
and osteotomy with or without pter-
ygomaxillary disjunction (Rômulo de 
Medeiros et al.56).                       

Airway volumetric changes after 
orthognathic surgery 

The 3D airway volumetric changes and 
skeletal changes after the different 
types of orthognathic surgery are pre-
sented in Supplementary Material 
Table S2. The percentage airway vo-
lume changes at follow-up in relation to 
the pre-surgery volumes in the in-
dividual studies are illustrated in Fig. 4 
(class III: 1.1., 1.2., 1.3., 1.4.), Fig. 5 
(class I and II: 2.1., 2.2.), and Fig. 6 
(transverse maxillary deficiency: 3.1.). 
The patterns mentioned above can be 
visualized in these figures, in addition 
to the surgical displacement of the jaw 
at the sagittal level and the number of 
included subjects. 

In patients with a class III mal-
occlusion, the airway volume showed a 
general pattern of reduction after 
single-jaw BSSO setback surgery, in all 
three airway segments and in the total 
airway (Supplementary Material Table 
S2, 1.1.), with the exception of Chang 
et al.21 who reported a tendency to-
wards a slight increase in the airway 
volumes.21 In contrast, single-jaw Le 
Fort I advancement surgery showed a 
pattern of increase in airway volume 
(Supplementary Material Table S2, 
1.2.). Double-jaw surgery, including a 
Le Fort I advancement and BSSO set-
back, resulted in inconsistent changes 
in the airway volume (Supplementary 
Material Table S2, 1.3.). Double-jaw 
surgery with Le Fort I impaction and 
BSSO setback, however, consistently 
showed decreases in the airway volume 
(Supplementary Material Table S2, 
1.4.). In the 38 studies included in this 

analysis, the percentage change in 
airway volume from the pre-surgery 
airway volume was within the range of 
+ 40% to − 30% (Fig. 4). 

In patients with class I and II mal-
occlusions, regardless of single-jaw or 
double-jaw surgery, the volume of the 
oropharynx increased in 16 studies 
(P  <  0.05 in 11 studies). The volumes 
of the other airway segments also 
showed a general pattern of increase 
(Supplementary Material Table S2, 
2.1., 2.2.). Fig. 5 shows that the airway 
volume increase in patients who un-
derwent a double-jaw advancement 
surgery was approximately double that 
of the patients who underwent a single- 
jaw BSSO advancement. 

In patients with a maxillary trans-
verse deficiency, surgically assisted ex-
pansion of the maxilla showed a 
tendency towards a volume increase in 
the different segments of the airway 
(Supplementary Material Table S2, 
3.1.). Significant increases (P  <  0.05) in 
hypopharynx volume were observed 
after osteotomy of the palate and 
0.5 mm expansion on alternate days 
(Liu et al.54), in oropharynx volume 
after a complete or selective osteotomy 
followed by 0.9 mm expansion a day 
(Yazigi et al.55), and in nasopharynx 
volume after Le Fort I osteotomy with 
or without pterygomaxillary disjunc-
tion followed by 0.5 mm expansion a 
day (Rômulo de Medeiros et al.56). The 
percentage changes varied from + 6% 
to + 16% and did not appear to be re-
lated to the surgery type or the expan-
sion protocol (Fig. 6). 

Discussion 

The aim of this systematic review was 
to provide a structured overview of 3D 
volumetric changes of the airway after 
various orthognathic surgeries. The 
findings demonstrated a clear impact of 
orthognathic surgery on volumetric 
measurements of the airway. The im-
pact appeared to be related to the type 
of orthognathic surgery, i.e. the direc-
tion of the jaw displacement. In other 
words, the magnitude of the jaw dis-
placement did not show a consistent 
pattern of the effect. A meta-analysis, 
however, was not possible due to the 
high heterogeneity in different aspects 
of the study designs and outcome re-
porting of the included studies. 

Only two systematic reviews on airway 
volumetric measurements obtained from 

Table 2. An overview of the included studies.    

Surgery types in each malocclusion Number of studies  

1. Class III malocclusion  38 
1.1. Single jaw: BSSO setback  9 
1.2. Single jaw: Le Fort I advancement  5 
1.3. Double jaw: Le Fort I advancement and BSSO setback  19 
1.4. Double jaw: Le Fort I impaction and BSSO setback  5 

2. Class I and class II malocclusion  17 
2.1. Single jaw: BSSO advancement  6 
2.2. Double jaw: maxillomandibular advancement  11 

3. Transverse maxillary deficiency  6 
3.1. Surgically assisted expansion  6 

Studies including more than one surgery type  14 
1.1. + 1.2. + 1.3.  1 
1.1. + 1.3.  6 
1.1. + 1.2. + 2.1.  1 
1.2. + 2.1. + 2.2.  1 
1.3. + 2.2.  5 

BSSO, bilateral sagittal split osteotomy.  
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Fig. 4. Bar graphs of the percentage volume changes after orthognathic surgery in studies on class III malocclusion. The y-axis shows the 
percentage airway volume change: (post-treatment – pre-treatment)/pre-treatment × 100%. The x-axis shows all studies, with one bar for 
each study; the width of the bar represents the number of patients included in the study (wider bars indicating a larger number and 
narrow bars a smaller number). All bars are ordered according to the amount of skeletal change (left, largest jaw movement; right, 
smallest jaw movement, no jaw movement last). 

Fig. 5. Bar graphs of the percentage volume changes after orthognathic surgery in studies on class I and II malocclusion. The y-axis 
shows the percentage airway volume change: (post-treatment – pre-treatment)/pre-treatment × 100%. The x-axis shows all studies, with 
one bar for each study; the width of the bar represents the number of patients included in the study (wider bars indicating a larger 
number and narrow bars a smaller number). All bars are ordered according to the amount of skeletal change (left, largest jaw movement; 
right, smallest jaw movement, no jaw movement last). 
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CBCT have been published previously, 
with one demonstrating less reduction of 
the volume after bimaxillary surgery than 
mandibular setback only in patients with 
a class III malocclusion,11 and the other 
showing a significant volume increase 
after mandibular advancement in pa-
tients with mandibular deficiency.12 In 
comparison, the present study is novel in 
providing a comprehensive overview of 
the volumetric changes of both the total 
airway and the three airway segments, 
and including the different types of or-
thognathic surgery reported in the lit-
erature. 

It is well known that the upper 
airway anatomy can affect airway ob-
struction problems. In individuals with 
sleep apnoea, the size of the upper or-
opharyngeal airway is smaller com-
pared to control subjects without 
sleeping disorders.57 The surrounding 
craniofacial structures or body fat can 
decrease the upper airway volume, 
leading to an increased likelihood of 
pharyngeal collapse.58 As also shown in 
this review, isolated mandibular set-
back surgery resulted in a reduction in 
the volume of the total airway and the 
three airway segments in almost all of 
the included studies, which is the op-
posite of isolated maxillary advance-
ment surgery, which resulted in an 
increase in the airway volume. Bimax-
illary surgery including mandibular 

setback resulted in an increase in the 
airway volume in most of the studies. 
In those that showed a reduction in the 
airway volume, the magnitude of the 
reduction was less than isolated man-
dibular setback surgery. This implies 
that when a mandibular setback is in-
dicated, bimaxillary surgery could be 
favoured over single mandibular set-
back surgery6,11 in order to minimize 
the negative effect on the airway vo-
lume, and thereby reduce the risk of 
postoperative pharyngeal collapse.59–61 

Of the 41 included studies only three, 
all on patients with a class III mal-
occlusion, looked into the effect on 
sleep after orthognathic surgery. 
Canellas et al.20 performed a clinical 
assessment and used a questionnaire to 
screen for OSAS after mandibular set-
back only or Le Fort I maxilla ad-
vancement and mandibular setback. A 
significant reduction in the orophar-
yngeal airway volume was observed in 
patients undergoing mandibular set-
back alone. In other words, patients 
undergoing a double-jaw surgery did 
not show a reduction in the airway 
volume. Nevertheless, there were no 
signs or symptoms of OSAS in any of 
the patients. Uesugi et al.23 measured 
the apnoea–hypopnoea index (AHI) 
with a polysomnography system in pa-
tients after mandibular setback and Le 
Fort I advancement in addition to 

mandibular setback. The AHI did not 
change in either group. Lee et al.33 re-
ported a significant decrease in or-
opharynx volume in 22 patients 
undergoing bimaxillary surgery in-
cluding Le Fort I advancement and 
BSSO setback. The outcomes of endo-
scopic examination and a sleep study 
showed that, although none of the pa-
tients had sleep-related symptoms be-
fore surgery, three (13%) were newly 
diagnosed with mild or moderate ob-
structive sleep apnoea and six (27%) 
showed increased loudness of snoring 3 
months after surgery.33 

As expected, isolated mandibular 
advancement and bimaxillary ad-
vancement generally increased the vo-
lume of the oropharynx and of the total 
airway. Collectively, the postoperative 
airway volume, relative to the pre-
operative level as a percentage, in-
creased more in patients with 
bimaxillary advancement than in those 
with mandibular advancement only; 
furthermore, the largest increases re-
ported in the former category (85–90%) 
were twice those in the latter (32–42%). 
These results indicate a clear advantage 
of bimaxillary surgery in patients who 
are predisposed to sleep-related pro-
blems. Bimaxillary advancement has 
indeed been reported as an effective 
surgical treatment for sleep ap-
noea.62–64 The mechanism is assumed 
to be that the anterior–posterior di-
mension of the pharyngeal airway is 
increased by forward traction of the 
maxilla, the mandible, and associated 
soft tissue structures, which may lead to 
a consequent reduction in pharyngeal 
collapse and improvement in the 
AHI.65–67 

Although only four studies were eli-
gible for final inclusion in the category of 
surgically assisted maxillary expansion, 
the results from these studies showed an 
evident tendency towards an increase in 
the volume of the total airway, naso-
pharynx, and oropharynx, regardless of 
the surgery procedure or the expansion 
protocol. This is in agreement with the 
outcomes of previous reports, where 
surgical maxillary expansion procedures 
demonstrated a positive effect on the 
function of the nasopharynx and im-
proved sleep apnoea.68–70 

Although CBCT shows significant 
advantages over conventional cephalo-
grams to visualize different craniofacial 
structures and investigate volumetric 
airway changes, it is not without lim-
itations. For example, non-standar-
dized CBCT acquisition protocols 

Fig. 6. Bar graph of the percentage volume changes after orthognathic surgery in studies 
on maxillary transverse deficiency. The y-axis shows the percentage airway volume 
change: (post-treatment – pre-treatment)/pre-treatment × 100%. The x-axis shows all 
studies, with one bar for each study; the width of the bar represents the number of pa-
tients included in the study (wider bars indicating a larger number and narrow bars a 
smaller number). All bars are ordered according to the amount of skeletal change (left, 
largest jaw movement; right, smallest jaw movement, no jaw movement last). 
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including patient positioning and pa-
tient movement or swallowing during 
the scan, can all affect the airway vo-
lumetric measurement.15 In the present 
review, only studies with a standardized 
patient positioning protocol were in-
cluded to reduce the risk of alterations 
between different scans. In addition, 
only studies with CBCT acquisition in 
an upright position were included, since 
differences are seen in the upper airway 
morphology between the supine and 
upright positions.71 Gravity can pro-
duce movements of the oropharyngeal 
soft tissue structures in response to 
postural changes between sitting up-
right and lying in the supine position.72 

Another limitation is the reliability of 
the airway assessment on CBCT scans. 
Nevertheless, the current literature 
shows that the intra- and inter-ex-
aminer reliability of volumetric airway 
measurements varies between moderate 
and excellent.73 In the present study, 12 
of the 41 included studies were de-
termined to have a risk of bias in the 
reliability of the airway measurements. 

The quality of all of the included 
studies was determined to be moderate 
(medium risk of bias). This outcome is 
mainly related to the fact that no ran-
domized clinical trials could be identi-
fied, that only two studies included a 
control group, and that a study power 
analysis and blinding was applied only 
in a few studies. Though one can argue 
that there are practical barriers, often 
related to ethical considerations or 
availability problems, to including 
these parameters, they remain im-
portant aspects in quality assessment. 

Due to the high heterogeneity in the 
definition of the airway and the airway 
segments across the different studies, 
the available data on the same airway 
segment from different studies had to 
be converted for the measurements to 
be comparable. Another aspect of het-
erogeneity is the follow-up. When 
multiple postoperative CBCT scans 
were available, only the latest available 
data were used. Although the longest 
follow-up measurements may have ex-
cluded the effect of immediate post-
operative relapse of the jaw position 
more than the shorter-term follow-up 
measurements, the interpretation and 
comparison of measurements from a 
large range of follow-up periods needs 
to be made with caution. 

In conclusion, within the limitations 
of this review, it may be concluded that 
(1) high heterogeneity exists in the ter-
minology and definitions of the airway 

and the airway segments. A more uni-
form methodology of airway volume 
measurement is needed to provide more 
insight into the impact of a specific type 
of surgical intervention. (2) Isolated 
mandibular setback surgery generally 
decreases the airway volume in the total 
airway and all three airway segments; 
isolated maxillary or mandibular ad-
vancement, bimaxillary advancement, 
and surgically assisted maxillary ex-
pansion generally increase the airway 
volume in the total airway and or-
opharynx, among which the effect of 
bimaxillary advancement surgery ap-
pears most significant. (3) Evidence is 
lacking on the relationship between 
airway volume changes and the devel-
opment of signs or symptoms of ob-
structive sleep apnoea. (4) Future 
studies are recommended to consider 
multicentre trials with a large sample 
size and standardized CBCT acquisi-
tion, airway volumetric measurement 
protocol, and follow-up period, and 
preferably also a clinical assessment for 
signs or symptoms of obstructive sleep 
apnoea preoperative and postoperative. 

Ethics approval and consent to 
participate 

Not applicable. 

Funding 

None. 

Competing interests 

None. 

Patient consent 

Not applicable. 

Appendix A. Supporting 
information 

Supplementary data associated with 
this article can be found in the online 
version at doi:10.1016/j.ijom.2022.05.013. 

References 

1. Muto T, Yamazaki A, Takeda S, 
Kawakami J, Tsuji Y, Shibata T, 
Mizoguchi I. Relationship between the 
pharyngeal airway space and craniofacial 
morphology, taking into account head 
posture. Int J Oral Maxillofac Surg 2006; 
35:132–6. https://doi.org/10.1016/j.ijom. 
2005.04.022 

2. El H, Palomo JM. Airway volume for 
different dentofacial skeletal patterns. Am 
J Orthod Dentofacial Orthop 2011; 
139:e511–21. https://doi.org/10.1016/j. 
ajodo.2011.02.015 

3. dos Santos LF, Albright DA, Dutra V, 
Bhamidipalli SS, Stewart KT, Polido 
WD. Is there a correlation between 
airway volume and maximum constric-
tion area location in different dentofacial 
deformities? J Oral Maxillofac Surg 2020; 
78:1415.e1–1415.e10. https://doi.org/10. 
1016/j.joms.2020.03.024 

4. Lye KW. Effect of orthognathic surgery 
on the posterior airway space (PAS). Ann 
Acad Med Singap 2008;37:677–82. 

5. Choi SK, Yoon JE, Cho JW, Kim JW, 
Kim SJ, Kim MR. Changes of the airway 
space and the position of hyoid bone after 
mandibular set back surgery using bi-
lateral sagittal split ramus osteotomy 
technique. Maxillofac Plast Reconstr Surg 
2014;36:185–91. https://doi.org/10.14402/ 
jkamprs.2014.36.5.185 

6. Chen F, Terada K, Hua Y, Saito I. 
Effects of bimaxillary surgery and man-
dibular setback surgery on pharyngeal 
airway measurements in patients with 
Class III skeletal deformities. Am J 
Orthod Dentofacial Orthop 2007; 
131:372–7. https://doi.org/10.1016/j. 
ajodo.2005.06.028 

7. Pereira-Filho VA, Monnazzi MS, 
Gabrielli MAC, Spin-Neto R, Watanabe 
ER, Gimenez CMM, Santos-Pinto A, 
Gabrielli MFR. Volumetric upper airway 
assessment in patients with transverse 
maxillary deficiency after surgically as-
sisted rapid maxillary expansion. Int J 
Oral Maxillofac Surg 2014;43:581–6. 
https://doi.org/10.1016/j.ijom.2013.11.002 

8. Nishanth R, Sinha R, Paul D, Uppada 
UK, Rama Krishna BV, Tiwari P. 
Evaluation of changes in the pharyngeal 
airway space as a sequele to mandibular 
advancement surgery: a cephalometric 
study. J Maxillofac Oral Surg 2020; 
19:407–13. https://doi.org/10.1007/ 
s12663-019-01266-1 

9. Mattos CT, Vilani GNL, Sant’Anna EF, 
Ruellas ACO, Maia LC. Effects of or-
thognathic surgery on oropharyngeal 
airway: a meta-analysis. Int J Oral 
Maxillofac Surg 2011;40:1347–56. https:// 
doi.org/10.1016/j.ijom.2011.06.020 

10. Christovam IO, Lisboa CO, Ferreira 
DMTP, Cury-Saramago AA, Mattos CT. 
Upper airway dimensions in patients un-
dergoing orthognathic surgery: a sys-
tematic review and meta-analysis. Int J 
Oral Maxillofac Surg 2016;45:460–71. 
https://doi.org/10.1016/j.ijom.2015.10.018 

11. He J, Wang Y, Hu H, Liao Q, Zhang W, 
Xiang X, Fan X. Impact on the upper 
airway space of different types of or-
thognathic surgery for the correction of 
skeletal class III malocclusion: a 

Airway volume changes after orthognathic surgery 9 

YIJOM-4928; No of Pages 12 

https://doi.org/10.1016/j.ijom.2022.05.013
https://doi.org/10.1016/j.ijom.2005.04.022
https://doi.org/10.1016/j.ijom.2005.04.022
https://doi.org/10.1016/j.ajodo.2011.02.015
https://doi.org/10.1016/j.ajodo.2011.02.015
https://doi.org/10.1016/j.joms.2020.03.024
https://doi.org/10.1016/j.joms.2020.03.024
http://refhub.elsevier.com/S0901-5027(22)00226-0/sbref4
http://refhub.elsevier.com/S0901-5027(22)00226-0/sbref4
http://refhub.elsevier.com/S0901-5027(22)00226-0/sbref4
https://doi.org/10.14402/jkamprs.2014.36.5.185
https://doi.org/10.14402/jkamprs.2014.36.5.185
https://doi.org/10.1016/j.ajodo.2005.06.028
https://doi.org/10.1016/j.ajodo.2005.06.028
https://doi.org/10.1016/j.ijom.2013.11.002
https://doi.org/10.1007/s12663-019-01266-1
https://doi.org/10.1007/s12663-019-01266-1
https://doi.org/10.1016/j.ijom.2011.06.020
https://doi.org/10.1016/j.ijom.2011.06.020
https://doi.org/10.1016/j.ijom.2015.10.018


systematic review and meta-analysis. Int J 
Surg 2017;38:31–40. https://doi.org/10. 
1016/j.ijsu.2016.12.033 

12. Shokri A, Ramezani K, Afshar A, 
Poorolajal J, Ramezani N. Upper airway 
changes following different orthognathic 
surgeries, evaluated by cone beam com-
puted tomography: a systematic review 
and meta-analysis. J Craniofac Surg 
2021;32:e147–52. https://doi.org/10.1097/ 
SCS.0000000000006940 

13. Guijarro-Martínez R, Swennen GRJ. 
Cone-beam computerized tomography 
imaging and analysis of the upper airway: 
a systematic review of the literature. Int J 
Oral Maxillofac Surg 2011;40:1227–37. 
https://doi.org/10.1016/j.ijom.2011.06.017 

14. Ghoneima A, Kula K. Accuracy and re-
liability of cone-beam computed tomo-
graphy for airway volume analysis. Eur J 
Orthod 2013;35:256–61. https://doi.org/ 
10.1093/ejo/cjr099 

15. Obelenis Ryan DP, Bianchi J, Ignácio J, 
Wolford LM, Gonçalves JR. Cone-beam 
computed tomography airway measure-
ments: can we trust them? Am J Orthod 
Dentofacial Orthop 2019;156:53–60. 
https://doi.org/10.1016/j.ajodo.2018.07. 
024 

16. Lenza MG, Lenza MM, Dalstra M, 
Melsen B, Cattaneo PM. An analysis of 
different approaches to the assessment of 
upper airway morphology: a CBCT 
study. Orthod Craniofac Res 2010; 
13:96–105. https://doi.org/10.1111/j.1601- 
6343.2010.01482.x 

17. Lee ST, Park JH, Kwon TG. Influence of 
mandibular setback surgery on three-di-
mensional pharyngeal airway changes. 
Int J Oral Maxillofac Surg 2019; 
48:1057–65. https://doi.org/10.1016/j. 
ijom.2019.01.021 

18. Irani SK, Oliver DR, Movahed R, Kim 
YI, Thiesen G, Kim KB. Pharyngeal 
airway evaluation after isolated man-
dibular setback surgery using cone-beam 
computed tomography. Am J Orthod 
Dentofacial Orthop 2018;153:46–53. 
https://doi.org/10.1016/j.ajodo.2017.05. 
031 

19. Yang Y, Yang K, Zhao Y. Three-di-
mensional changes in the upper airway of 
skeletal class III patients after different 
orthognathic surgical procedures. J Oral 
Maxillofac Surg 2018;76:155–64. https:// 
doi.org/10.1016/j.joms.2017.06.025 

20. Canellas JV, Barros HL, Medeiros PJ, 
Ritto FG. Effects of surgical correction 
of class III malocclusion on the phar-
yngeal airway and its influence on sleep 
apnoea. Int J Oral Maxillofac Surg 2016; 
45:1508–12. https://doi.org/10.1016/j. 
ijom.2016.09.002 

21. Chang MK, Sears C, Huang JC, Miller 
AJ, Kushner HW, Lee JS. Correlation of 
airway volume with orthognathic surgical 
movement using cone-beam computed 

tomography. J Oral Maxillofac Surg 
2015;73(12 Suppl):S67–76. https://doi. 
org/10.1016/j.joms.2015.09.002 

22. Hatab NA, Konstantinović VS, Mudrak 
JKH. Pharyngeal airway changes after 
mono- and bimaxillary surgery in skeletal 
class III patients: cone-beam computed to-
mography evaluation. J Craniomaxillofac 
Surg 2015;43:491–6. https://doi.org/10.1016/ 
j.jcms.2015.02.007 

23. Uesugi T, Kobayashi T, Hasebe D, 
Tanaka R, Ike M, Saito C. Effects of 
orthognathic surgery on pharyngeal 
airway and respiratory function during 
sleep in patients with mandibular prog-
nathism. Int J Oral Maxillofac Surg 2014; 
43:1082–90. https://doi.org/10.1016/j. 
ijom.2014.06.010 

24. Park SB, Kim YI, Son WS, Hwang DS, 
Cho BH. Cone-beam computed tomo-
graphy evaluation of short- and long- 
term airway change and stability after 
orthognathic surgery in patients with 
class III skeletal deformities: bimaxillary 
surgery and mandibular setback surgery. 
Int J Oral Maxillofac Surg 2012; 
41:87–93. https://doi.org/10.1016/j.ijom. 
2011.09.008 

25. Hong JS, Park YH, Kim YJ, Hong SM, 
Oh KM. Three-dimensional changes in 
pharyngeal airway in skeletal class III 
patients undergoing orthognathic sur-
gery. J Oral Maxillofac Surg 2011; 
69:e401–8. https://doi.org/10.1016/j.joms. 
2011.02.011 

26. Parsi GK, Alsulaiman AA, Kotak B, 
Mehra P, Will LA, Motro M. Volumetric 
changes of the upper airway following 
maxillary and mandibular advancement 
using cone beam computed tomography. 
Int J Oral Maxillofac Surg 2019; 
48:203–10. https://doi.org/10.1016/j.ijom. 
2018.08.004 

27. Rosário HD, de Oliveira BG, Pompeo 
DD, de Freitas PHL, Paranhos LR. 
Surgical maxillary advancement increases 
upper airway volume in skeletal class III 
patients: a cone beam computed tomo-
graphy-based study. J Clin Sleep Med 
2016;12:1527–33. https://doi.org/10.5664/ 
jcsm.6282 

28. Almuzian M, Almukhtar A, Ju X, Al- 
Hiyali A, Benington P, Ayoub A. Effects 
of Le Fort I osteotomy on the naso-
pharyngeal airway—6-month follow-up. 
J Oral Maxillofac Surg 2016;74:380–91. 
https://doi.org/10.1016/j.joms.2015.06. 
172 

29. An JH, Park SB, Choi YK, Lee SH, Kim 
KB, Kim YI. Cone-beam computed to-
mography evaluation of pharyngeal 
airway space changes after bimaxillary 
orthognathic surgery in patients with 
class III skeletal deformities: a 6-year 
follow-up study. J Oral Maxillofac Surg 
2019;77:2534–44. https://doi.org/10.1016/ 
j.joms.2019.07.013 

30. Alcalde LFA, Faria PEP, Nogueira 
RLM, Chihara L, Sant’Ana E. 
Computed tomography visualizing al-
terations in the upper airway after or-
thognathic surgery. J Craniomaxillofac 
Surg 2019;47:1041–5. https://doi.org/10. 
1016/j.jcms.2019.04.006 

31. de Souza Pinto GN, Iwaki Filho L, 
Previdelli ITDS, Ramos AL, Yamashita 
AL, Stabile GAV, Stabile CLP, Iwaki 
LCV. Three-dimensional alterations in 
pharyngeal airspace, soft palate, and 
hyoid bone of class II and class III pa-
tients submitted to bimaxillary orthog-
nathic surgery: a retrospective study. J 
Craniomaxillofac Surg 2019;47:883–94. 
https://doi.org/10.1016/j.jcms.2019.03.015 

32. Yamashita AL, Iwaki Filho L, Leite 
PCC, Navarro RL, Ramos AL, Previdelli 
ITS, Ribeiro MHDM, Iwaki LCV. 
Three-dimensional analysis of the phar-
yngeal airway space and hyoid bone po-
sition after orthognathic surgery. J 
Craniomaxillofac Surg 2017;45:1408–14. 
https://doi.org/10.1016/j.jcms.2017.06.016 

33. Lee UL, Oh H, Min SK, Shin JH, Kang 
YS, Lee WW, Han YE, Choi YJ, Kim 
HJ. The structural changes of upper 
airway and newly developed sleep 
breathing disorders after surgical treat-
ment in class III malocclusion subjects. 
Medicine 2017;96:e6873https://doi.org/10. 
1097/MD.0000000000006873 

34. Vaezi T, Zarch SHH, Eshghpour M, 
Kermani H. Two-dimensional and volu-
metric airway changes after bimaxillary 
surgery for class III malocclusion. J 
Korean Assoc Oral Maxillofac Surg 2017; 
43:88https://doi.org/10.5125/jkaoms. 
2017.43.2.88 

35. Azevêdo MS, Machado AW, Barbosa 
Ida S, Esteves LS, Rocha VÁ, Bittencourt 
MA. Evaluation of upper airways after 
bimaxillary orthognathic surgery in pa-
tients with skeletal class III pattern using 
cone-beam computed tomography. Dent 
Press J Orthod 2016;21:34–41. https://doi. 
org/10.1590/2177-6709.21.1.034-041.oar 

36. Kim HS, Kim GT, Kim S, Lee JW, Kim 
EC, Kwon YD. Three-dimensional eva-
luation of the pharyngeal airway using 
cone-beam computed tomography fol-
lowing bimaxillary orthognathic surgery 
in skeletal class III patients. Clin Oral 
Investig 2016;20:915–22. https://doi.org/ 
10.1007/s00784-015-1575-4 

37. Stefanović NL, Glišić B, Nikolić PV, 
Juloski J, Palomo JM. Pharyngeal airway 
changes after bimaxillary orthognathic 
surgery—preliminary results. Srp Arh 
Celok Lek 2015;143:267–73. https://doi. 
org/10.2298/sarh1506267s 

38. Li YM, Liu JL, Zhao JL, Dai J, Wang L, 
Chen JW. Morphological changes in the 
pharyngeal airway of female skeletal class 
III patients following bimaxillary sur-
gery: a cone beam computed tomography 

10 Steegman et al. 

YIJOM-4928; No of Pages 12 

https://doi.org/10.1016/j.ijsu.2016.12.033
https://doi.org/10.1016/j.ijsu.2016.12.033
https://doi.org/10.1097/SCS.0000000000006940
https://doi.org/10.1097/SCS.0000000000006940
https://doi.org/10.1016/j.ijom.2011.06.017
https://doi.org/10.1093/ejo/cjr099
https://doi.org/10.1093/ejo/cjr099
https://doi.org/10.1016/j.ajodo.2018.07.024
https://doi.org/10.1016/j.ajodo.2018.07.024
https://doi.org/10.1111/j.1601-6343.2010.01482.x
https://doi.org/10.1111/j.1601-6343.2010.01482.x
https://doi.org/10.1016/j.ijom.2019.01.021
https://doi.org/10.1016/j.ijom.2019.01.021
https://doi.org/10.1016/j.ajodo.2017.05.031
https://doi.org/10.1016/j.ajodo.2017.05.031
https://doi.org/10.1016/j.joms.2017.06.025
https://doi.org/10.1016/j.joms.2017.06.025
https://doi.org/10.1016/j.ijom.2016.09.002
https://doi.org/10.1016/j.ijom.2016.09.002
https://doi.org/10.1016/j.joms.2015.09.002
https://doi.org/10.1016/j.joms.2015.09.002
https://doi.org/10.1016/j.jcms.2015.02.007
https://doi.org/10.1016/j.jcms.2015.02.007
https://doi.org/10.1016/j.ijom.2014.06.010
https://doi.org/10.1016/j.ijom.2014.06.010
https://doi.org/10.1016/j.ijom.2011.09.008
https://doi.org/10.1016/j.ijom.2011.09.008
https://doi.org/10.1016/j.joms.2011.02.011
https://doi.org/10.1016/j.joms.2011.02.011
https://doi.org/10.1016/j.ijom.2018.08.004
https://doi.org/10.1016/j.ijom.2018.08.004
https://doi.org/10.5664/jcsm.6282
https://doi.org/10.5664/jcsm.6282
https://doi.org/10.1016/j.joms.2015.06.172
https://doi.org/10.1016/j.joms.2015.06.172
https://doi.org/10.1016/j.joms.2019.07.013
https://doi.org/10.1016/j.joms.2019.07.013
https://doi.org/10.1016/j.jcms.2019.04.006
https://doi.org/10.1016/j.jcms.2019.04.006
https://doi.org/10.1016/j.jcms.2019.03.015
https://doi.org/10.1016/j.jcms.2017.06.016
https://doi.org/10.1097/MD.0000000000006873
https://doi.org/10.1097/MD.0000000000006873
https://doi.org/10.5125/jkaoms.2017.43.2.88
https://doi.org/10.5125/jkaoms.2017.43.2.88
https://doi.org/10.1590/2177-6709.21.1.034-041.oar
https://doi.org/10.1590/2177-6709.21.1.034-041.oar
https://doi.org/10.1007/s00784-015-1575-4
https://doi.org/10.1007/s00784-015-1575-4
https://doi.org/10.2298/sarh1506267s
https://doi.org/10.2298/sarh1506267s


evaluation. Int J Oral Maxillofac Surg 
2014;43:862–7. https://doi.org/10.1016/j. 
ijom.2014.03.009 

39. Panou E, Motro M, Ateş M, Acar A, 
Erverdi N. Dimensional changes of 
maxillary sinuses and pharyngeal airway 
in class III patients undergoing bimax-
illary orthognathic surgery. Angle Orthod 
2013;83:824–31. https://doi.org/10.2319/ 
100212-777.1 

40. von Bremen J, Lotz JH, Kater W, Bock 
NC, Ruf S. Upper airway changes fol-
lowing high oblique sagittal split os-
teotomy (HSSO). J Craniomaxillofac 
Surg 2021;49:146–53. https://doi.org/10. 
1016/j.jcms.2020.12.011 

41. Lee WY, Park YW, Kwon KJ, Kim SG. 
Change of the airway space in man-
dibular prognathism after bimaxillary 
surgery involving maxillary posterior 
impaction. Maxillofac Plast Reconstr 
Surg 2016;38:23https://doi.org/10.1186/ 
s40902-016-0071-3 

42. Hsieh YJ, Chen YC, Chen YA, Liao YF, 
Chen YR. Effect of bimaxillary rota-
tional setback surgery on upper airway 
structure in skeletal class III deformities. 
Plast Reconstr Surg 2015;135:361e–9e. 
https://doi.org/10.1097/PRS. 
0000000000000913 

43. Shin JH, Kim MA, Park IY, Park YH. A 
2-year follow-up of changes after bimax-
illary surgery in patients with mandibular 
prognathism: 3-dimensional analysis of 
pharyngeal airway volume and hyoid 
bone position. J Oral Maxillofac Surg 
2015;73:340.e1–9. https://doi.org/10.1016/ 
j.joms.2014.10.009 

44. Kim MA, Kim BR, Youn JK, Kim YJR, 
Park YH. Head posture and pharyngeal 
airway volume changes after bimaxillary 
surgery for mandibular prognathism. J 
Craniomaxillofac Surg 2014;42:531–5. 
https://doi.org/10.1016/j.jcms.2013.07.022 

45. Kim MA, Kim BR, Choi JY, Youn JK, 
Kim YJR, Park YH. Three-dimensional 
changes of the hyoid bone and airway 
volumes related to its relationship with 
horizontal anatomic planes after bimax-
illary surgery in skeletal class III patients. 
Angle Orthod 2013;83:623–9. https://doi. 
org/10.2319/083112-700.1 

46. Rückschloß T, Ristow O, Berger M, 
Engel M, Freudlsperger C, Hoffmann J, 
Seeberger R. Relations between mand-
ible-only advancement surgery, the extent 
of the posterior airway space, and the 
position of the hyoid bone in class II 
patients: a three-dimensional analysis. Br 
J Oral Maxillofac Surg 2019;57:1032–8. 
https://doi.org/10.1016/j.bjoms.2019.09. 
001 

47. Lin X. Correlation study of increase of 
pharyngeal airway space after man-
dibular advancement taking natural head 
position into consideration. Br J Oral 

Maxillofac Surg 2019;57:760–4. https:// 
doi.org/10.1016/j.bjoms.2019.07.004 

48. Ristow O, Rückschloß T, Berger M, 
Grötz T, Kargus S, Krisam J, Seeberger 
R, Engel M, Hoffmann J, Freudlsperger 
C. Short- and long-term changes of the 
pharyngeal airway after surgical man-
dibular advancement in class II pa-
tients—a three-dimensional retrospective 
study. J Craniomaxillofac Surg 2018; 
46:56–62. https://doi.org/10.1016/j.jcms. 
2017.10.022 

49. Kochel J, Meyer-Marcotty P, Sickel F, 
Lindorf H, Stellzig-Eisenhauer A. Short- 
term pharyngeal airway changes after 
mandibular advancement surgery in adult 
class II patients—a three-dimensional 
retrospective study. J Orofac Orthop 
2013;74:137–52. https://doi.org/10.1007/ 
s00056-012-0132-x 

50. Gurani SF, Di Carlo G, Thorn JJ, 
Ingerslev J, Cattaneo PM, Pinholt EM. 
Two-year postoperative upper airway 
cone-beam computed tomographic out-
comes based on a verified upper airway 
analysis following bimaxillary orthog-
nathic surgery. J Oral Maxillofac Surg 
2019;77:1435–45. https://doi.org/10.1016/ 
j.joms.2019.02.038 

51. Valladares-Neto J, Silva MAG, Bumann 
A, Paiva JB, Rino-Neto J. Effects of 
mandibular advancement surgery com-
bined with minimal maxillary displace-
ment on the volume and most restricted 
cross-sectional area of the pharyngeal 
airway. Int J Oral Maxillofac Surg 2013; 
42:1437–45. https://doi.org/10.1016/j. 
ijom.2013.03.018 

52. Raffaini M, Pisani C. Clinical and cone- 
beam computed tomography evaluation 
of the three-dimensional increase in 
pharyngeal airway space following max-
illo-mandibular rotation-advancement 
for class II correction in patients without 
sleep apnoea (OSA). J Craniomaxillofac 
Surg 2013;41:552–7. https://doi.org/10. 
1016/j.jcms.2012.11.022 

53. Pereira PKN, de Castro Rocha VÁ, 
Degan VV, Garib DG, Vedovello SAS, 
de Menezes CC. Upper airways after 
mandibular advancement orthognathic 
surgery: a 4-year follow-up. Am J Orthod 
Dentofacial Orthop 2021;159:743–9. 
https://doi.org/10.1016/j.ajodo.2020.02. 
018 

54. Liu P, Jiao D, Wang X, Liu J, Martin D, 
Guo J. Changes in maxillary width and 
upper airway spaces in young adults after 
surgically assisted rapid palatal expan-
sion with surgically facilitated ortho-
dontic therapy. Oral Surg Oral Med Oral 
Pathol Oral Radiol 2019;127:381–6. 
https://doi.org/10.1016/j.oooo.2018.11. 
005 

55. Yazigi S, Zenati M, Hadad R. 
Volumetric upper airway changes fol-
lowing a new technique for surgically- 

assisted maxillary expansion (SAME). 
Dent Med Probl 2018;55:371–8. https:// 
doi.org/10.17219/dmp/99158 

56. Rômulo de Medeiros J, Ferraro Bezerra 
M, Gurgel Costa FW, Pinheiro Bezerra 
T, de Araújo Alencar CR, Studart Soares 
EC. Does pterygomaxillary disjunction in 
surgically assisted rapid maxillary ex-
pansion influence upper airway volume? 
A prospective study using Dolphin 
Imaging 3D. Int J Oral Maxillofac Surg 
2017;46:1094–101. https://doi.org/10. 
1016/j.ijom.2017.04.010 

57. Schwab RJ, Pasirstein M, Pierson R, 
Mackley A, Hachadoorian R, Arens R, 
Maislin G, Pack AI. Identification of 
upper airway anatomic risk factors for 
obstructive sleep apnea with volumetric 
magnetic resonance imaging. Am J Respir 
Crit Care Med 2003;168:522–30. https:// 
doi.org/10.1164/rccm.200208-866OC 

58. Jordan AS, McSharry DG, Malhotra A. 
Adult obstructive sleep apnoea. Lancet 
2014;383:736–47. https://doi.org/10.1016/ 
S0140-6736(13)60734-5 

59. Li H. Use of 3-dimensional computed 
tomography scan to evaluate upper 
airway patency for patients undergoing 
sleep-disordered breathing surgery. 
Otolaryngol Head Neck Surg 2003; 
129:336–42. https://doi.org/10.1016/ 
S0194-5998(03)00629-6 

60. Fairburn SC, Waite PD, Vilos G, 
Harding SM, Bernreuter W, Cure J, 
Cherala S. Three-dimensional changes in 
upper airways of patients with ob-
structive sleep apnea following max-
illomandibular advancement. J Oral 
Maxillofac Surg 2007;65:6–12. https:// 
doi.org/10.1016/j.joms.2005.11.119 

61. Degerliyurt K, Ueki K, Hashiba Y, 
Marukawa K, Nakagawa K, Yamamoto 
E. A comparative CT evaluation of 
pharyngeal airway changes in class III 
patients receiving bimaxillary surgery or 
mandibular setback surgery. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod 
2008;105:495–502. https://doi.org/10. 
1016/j.tripleo.2007.11.012 

62. Holty JEC, Guilleminault C. 
Maxillomandibular advancement for the 
treatment of obstructive sleep apnea: a 
systematic review and meta-analysis. 
Sleep Med Rev 2010;14:287–97. https:// 
doi.org/10.1016/j.smrv.2009.11.003 

63. Faria AC, da Silva-Junior SN, Garcia 
LV, dos Santos AC, Fernandes MRF, de 
Mello-Filho FV. Volumetric analysis of 
the pharynx in patients with obstructive 
sleep apnea (OSA) treated with max-
illomandibular advancement (MMA). 
Sleep Breath 2013;17:395–401. https://doi. 
org/10.1007/s11325-012-0707-1 

64. Li KK. Surgical management of ob-
structive sleep apnea. Clin Chest Med 
2003;24:365–70. https://doi.org/10.1016/ 
S0272-5231(03)00016-9 

Airway volume changes after orthognathic surgery 11 

YIJOM-4928; No of Pages 12 

https://doi.org/10.1016/j.ijom.2014.03.009
https://doi.org/10.1016/j.ijom.2014.03.009
https://doi.org/10.2319/100212-777.1
https://doi.org/10.2319/100212-777.1
https://doi.org/10.1016/j.jcms.2020.12.011
https://doi.org/10.1016/j.jcms.2020.12.011
https://doi.org/10.1186/s40902-016-0071-3
https://doi.org/10.1186/s40902-016-0071-3
https://doi.org/10.1097/PRS.0000000000000913
https://doi.org/10.1097/PRS.0000000000000913
https://doi.org/10.1016/j.joms.2014.10.009
https://doi.org/10.1016/j.joms.2014.10.009
https://doi.org/10.1016/j.jcms.2013.07.022
https://doi.org/10.2319/083112-700.1
https://doi.org/10.2319/083112-700.1
https://doi.org/10.1016/j.bjoms.2019.09.001
https://doi.org/10.1016/j.bjoms.2019.09.001
https://doi.org/10.1016/j.bjoms.2019.07.004
https://doi.org/10.1016/j.bjoms.2019.07.004
https://doi.org/10.1016/j.jcms.2017.10.022
https://doi.org/10.1016/j.jcms.2017.10.022
https://doi.org/10.1007/s00056-012-0132-x
https://doi.org/10.1007/s00056-012-0132-x
https://doi.org/10.1016/j.joms.2019.02.038
https://doi.org/10.1016/j.joms.2019.02.038
https://doi.org/10.1016/j.ijom.2013.03.018
https://doi.org/10.1016/j.ijom.2013.03.018
https://doi.org/10.1016/j.jcms.2012.11.022
https://doi.org/10.1016/j.jcms.2012.11.022
https://doi.org/10.1016/j.ajodo.2020.02.018
https://doi.org/10.1016/j.ajodo.2020.02.018
https://doi.org/10.1016/j.oooo.2018.11.005
https://doi.org/10.1016/j.oooo.2018.11.005
https://doi.org/10.17219/dmp/99158
https://doi.org/10.17219/dmp/99158
https://doi.org/10.1016/j.ijom.2017.04.010
https://doi.org/10.1016/j.ijom.2017.04.010
https://doi.org/10.1164/rccm.200208-866OC
https://doi.org/10.1164/rccm.200208-866OC
https://doi.org/10.1016/S0140-6736(13)60734-5
https://doi.org/10.1016/S0140-6736(13)60734-5
https://doi.org/10.1016/S0194-5998(03)00629-6
https://doi.org/10.1016/S0194-5998(03)00629-6
https://doi.org/10.1016/j.joms.2005.11.119
https://doi.org/10.1016/j.joms.2005.11.119
https://doi.org/10.1016/j.tripleo.2007.11.012
https://doi.org/10.1016/j.tripleo.2007.11.012
https://doi.org/10.1016/j.smrv.2009.11.003
https://doi.org/10.1016/j.smrv.2009.11.003
https://doi.org/10.1007/s11325-012-0707-1
https://doi.org/10.1007/s11325-012-0707-1
https://doi.org/10.1016/S0272-5231(03)00016-9
https://doi.org/10.1016/S0272-5231(03)00016-9


65. Zaghi S, Holty JEC, Certal V, Abdullatif 
J, Guilleminault C, Powell NB, Riley 
RW, Camacho M. Maxillomandibular 
advancement for treatment of obstructive 
sleep apnea: a meta-analysis. JAMA 
Otolaryngol Head Neck Surg 2016; 
142:58https://doi.org/10.1001/jamaoto. 
2015.2678 

66. Vinha PP, Faria AC, Xavier SP, 
Christino M, de Mello-Filho FV. 
Enlargement of the pharynx resulting 
from surgically assisted rapid maxillary 
expansion. J Oral Maxillofac Surg 2016; 
74:369–79. https://doi.org/10.1016/j.joms. 
2015.06.157 

67. Babacan H, Sokucu O, Doruk C, Ay S. 
Rapid maxillary expansion and surgically 
assisted rapid maxillary expansion effects 
on nasal volume. Angle Orthod 2006; 
76:66–71. https://doi.org/10.1043/0003- 
3219(2006)076[0066:RMEASA]2.0.CO;2 

68. Buck LM, Dalci O, Darendeliler MA, 
Papadopoulou AK. Effect of surgically 
assisted rapid maxillary expansion on 
upper airway volume: a systematic re-
view. J Oral Maxillofac Surg 2016; 

74:1025–43. https://doi.org/10.1016/j. 
joms.2015.11.035 

69. Vinha PP, Thuler ER, de Mello-Filho 
FV. Effects of surgically assisted rapid 
maxillary expansion on the modification 
of the pharynx and hard palate and on 
obstructive sleep apnea, and their corre-
lations. J Craniomaxillofac Surg 2020; 
48:339–48. https://doi.org/10.1016/j.jcms. 
2020.02.007 

70. Vinha PP, Eckeli AL, Faria AC, Xavier 
SP, de Mello-Filho FV. Effects of surgi-
cally assisted rapid maxillary expansion 
on obstructive sleep apnea and daytime 
sleepiness. Sleep Breath 2016;20:501–8. 
https://doi.org/10.1007/s11325-015- 
1214-y 

71. Van Holsbeke CS, Verhulst SL, Vos WG, 
De Backer JW, Vinchurkar SC, 
Verdonck PR, van Doorn JWD, Nadjmi 
N, De Backer WA. Change in upper 
airway geometry between upright and 
supine position during tidal nasal 
breathing. J Aerosol Med Pulm Drug 
Deliv 2014;27:51–7. https://doi.org/10. 
1089/jamp.2012.1010 

72. Sutthiprapaporn P, Tanimoto K, 
Ohtsuka M, Nagasaki T, Iida Y, 
Katsumata A. Positional changes of or-
opharyngeal structures due to gravity in 
the upright and supine positions. 
Dentomaxillofac Radiol 2008;37:130–6. 
https://doi.org/10.1259/dmfr/31005700 

73. Zimmerman JN, Lee J, Pliska BT. 
Reliability of upper pharyngeal airway 
assessment using dental CBCT: a sys-
tematic review. Eur J Orthod 2017; 
39:489–96. https://doi.org/10.1093/ejo/ 
cjw079 

Correspondence to: Department of 
Orthodontics 
W.J. Kolff Institute 
University of Groningen 
University Medical Center Groningen 
BB72 300001 
Hanzeplein 1 
9700RB Groningen 
the Netherlands. 
E-mail: y.ren@umcg.nl  

12 Steegman et al. 

YIJOM-4928; No of Pages 12 

https://doi.org/10.1001/jamaoto.2015.2678
https://doi.org/10.1001/jamaoto.2015.2678
https://doi.org/10.1016/j.joms.2015.06.157
https://doi.org/10.1016/j.joms.2015.06.157
https://doi.org/10.1043/0003-3219(2006)076[0066:RMEASA]2.0.CO;2
https://doi.org/10.1043/0003-3219(2006)076[0066:RMEASA]2.0.CO;2
https://doi.org/10.1016/j.joms.2015.11.035
https://doi.org/10.1016/j.joms.2015.11.035
https://doi.org/10.1016/j.jcms.2020.02.007
https://doi.org/10.1016/j.jcms.2020.02.007
https://doi.org/10.1007/s11325-015-1214-y
https://doi.org/10.1007/s11325-015-1214-y
https://doi.org/10.1089/jamp.2012.1010
https://doi.org/10.1089/jamp.2012.1010
https://doi.org/10.1259/dmfr/31005700
https://doi.org/10.1093/ejo/cjw079
https://doi.org/10.1093/ejo/cjw079
mailto:y.ren@umcg.nl

	Cone beam computed tomography volumetric airway changes after orthognathic surgery: a systematic review
	Materials and methods
	Protocol and criteria
	Inclusion and exclusion criteria
	Quality assessment
	Anatomical landmarks, borders, and reference planes of the airway
	An airway segments framework
	Volumetric data interpretation and inclusion

	Results
	Study selection
	Quality assessment of the included studies
	Characteristics of the included studies
	General characteristics
	Specific characteristics

	Airway volumetric changes after orthognathic surgery

	Discussion
	Ethics approval and consent to participate
	Funding
	Competing interests
	Patient consent
	Appendix A. Supporting information
	References




